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Abstract 
Taking Yongshou county in typical Hilly-gully region of Loess Plateau as the study area, based on the land-use maps 
of the study area in 1995 and 2005, a transfer matrix of the landscape types was established under the supporting of 
GIS technology; at the same time, the dynamic analyses of the landscape changes in the study area were done from 
temporal and spatial perspectives which was associated with the barycenter model and the landscape metrics. The 
study indicated that: (1) the landscape matrices from 1995 to 2005 were cultivated land, forest land and unused land 
and the garden land, building land, water area and grass land were inlaid as patches in the matrices. The severest 
decrease was happened in cultivated land, which was changed to forest land and garden land, as well as decreases in 
grass land, water area, unused land and the building land. Correspondingly, the increases were happened in forest 
land and garden land, which were changed from cultivated land and unused land. The forest land has the largest 
increasing number and the annual change rate. (2) The landscape heterogeneity was changed obviously from 1995 to 
2005. The evenness index was in an increasing trend while the dominance index was in a decreasing trend. (3) The 
study on barycenter transfer model indicates that from 1995 to 2005, the barycenter transfer direction of garden land, 
forest land and building land was east-north, with the furthest barycenter transfer distance of garden land, and the 
barycenter transfer direction of cultivated land and unused land was east-south, only the barycenter transfer direction 
of water area was west-north. 
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1.Introduction 
The core of landscape ecology is the spatial characteristics of landscape pattern [1]. Landscape pattern 
is a concrete manifestation of landscape heterogeneity, but also the production of the variety of ecological 
processes in the long-term effects on different scales [2]. Landscape pattern and the changes are the 
results of long-term interaction between humans and nature. All natural and human forces will cause the 
changes in landscape pattern [3]. Among them, the influence which caused by human activities on 
landscape pattern has drawn a great deal of attention. Analysis of human activities on the impact of 
different landscape provides a foundation for the sustainable development of the landscape [4]. Land use 
is the most closely cross-link between human and nature. The changes in landscape pattern and land cover 
which result from land use are bound to affect the structure and function of ecosystem [5]. Analysis of 
spatial and temporal changes in landscape pattern-driven factors could provide valuable scientific basis 
for regional planning and ecological construction [6]. 
The researches of the changes in landscape pattern on Loess Plateau are on the rise. In 1977, a research 
on the dynamic changes of landscape pattern, the driving force of landscape change and the relationship 
between soil erosion and landscape changes in different regions was made by china scholars. RS and GIS 
technologies, landscape index and dynamic change model were used in this study. In this article, we took 
Yongshou county in typical Hilly-gully region of Loess Plateau as the study area. With the land-use maps 
of the study area in 1995 and 2005, the dynamic analyses of the landscape changes were done from 
temporal and spatial perspectives under the supporting of GIS technology. The research has laid the 
foundation for further study on driving mechanism of landscape pattern change, forecasting of future 
trends and exploring of land use and management in this area. 
2.Area description 
Study area is located in the western Loess Plateau of Shaanxi province, hilly region (34°29ƍ02Ǝ-
34°59ƍ00ƎN, 107°56ƍ40Ǝ-108°20ƍ48ƎE). The total area of this region is 889 km2, 37.3 km east to west, 52.7 
km north to south. The altitude is 572 m-1505 m. The county has a complex topography (low foothills and 
gully region in northern; broken gulled-hilly region in central; broken plateau region in southern), with 
decreasing elevation from north to south. Due to the warm temperate continental monsoon climate of the 
region, the average annual precipitation is 609.6 mm; the average thickness of the loess is between 30 m 
to 200 m. There are 13 townships in the county jurisdiction. By the end of 2007 the total population was 
200 thousand and 4 hundred, including 179 thousand rural populations. 
3.Research methods 
3.1.Landscape types classification 
Based on the research purpose and land use status, the study area is divided into 7 landscape types [7].  
• Cultivated land, including irrigated land and dry land.  
• Garden land, including apple orchard, vineyard and apricot orchard. 
• Forest land, including shrub land, hardwood forest and open woodland. 
• Grassland, including natural grass and artificial turf. 
• Water area, including rivers and ponds, etc. 
• Unused land, including slopes and valley land, etc. 
• Building land, including residential, industrial and mining land for construction and rural roads. 
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3.2.Data sources 
The land-use maps of Yongshou in 1995 and 2005 with 1:50000 resolutions are used as basis material. 
Control points are established after scanning the raster image, using the ENVI software to correct the 
image processing and projection transform. According to geological features, vegetation and land use 
characteristics, raster graphics are vectored under the supporting of Arcview software to form landscape 
maps. After landscape classification of the study area on the basis of the maps, it is divided into cultivated 
land, garden land, forest land, grassland, water area, unused land and building land. We use special 
analysis module to format two landscape pattern diagrams with the same classification system and coding 
system. 
3.3.Data Processing 
With the help of ArcGIS, landscape types transition matrix is established by the spatial analysis of 
landscape pattern diagrams of the two land use maps. Intensity of landscape changes can be described by 
transition probability of landscape types [8]. Establish land-use transition probability matrix, on the base 
of land-use transfer matrix. 
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Where Si is the total area of landscape type for sample i in 1995; dSi is the total area of landscape type 
for sample i turned into sample j from 1995 to 2005; n is the number of landscape types changed and Dij is 
the transition probability of landscape type for sample i turn into sample j in 10 years. 
Based on the principle of population distribution barycenter, the barycenter dynamic change of 
different landscape types are used to describe the evolution of different types of landscape from spatial. 
The method is as following: separating a large area into several small ones, determining the geometric 
center of each small region in the large scale map according to the distribution of settlements and 
topographical features, then multiplied by the area of the region, finally, the cumulative product of the 
region divided by the total area of the land type [9]. Latitude and longitude is the barycentric coordinate of 
the map. 
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Where Xt is the latitude and longitude coordinates of the landscape types distribution barycenter of the 
year t; Xi is the latitude and longitude coordinates of the landscape patch for sample i; so are Yt and Yi; Cti 
is the area of the landscape patch for sample i of the year t. 
Based on the spatial data of different periods of the study area, descriptions of landscape pattern on the 
basic parameters are calculated by the use of Fragstats3.3. We analyze basic features of the landscape 
statistics, such as plaque area and patch density index, and select the following four indicators to 
quantitative analysis the spatial changes of landscape pattern of land use in Yongshou. 
• Diversity index (H) 
Diversity index is used to describe the complexity of the landscape types. According to information 
theory, with reference to Shannon-Weaver diversity index, Landscape diversity index can be expressed as 
the following formula [10]. 
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Where H is landscape diversity index; Pi is the occupied area ratio of landscape type for simple i; n is 
the number of landscape types of land use. H values reflect the number of the landscape types and the 
changes in the proportion of landscape types. In simple, the landscape diversity growing with the number 
of landscape patches and the uniformity of the distribution of different landscape types; if it is a single 
landscape type, the index is 0; there is the highest diversity when the landscape formed by two or more 
and equal. 
• Dominance index (D) 
Dominance index can be used to express the departure degree of landscape diversity and the maximum 
deviation. It also can be used to describe the extent of one or several landscape types dominate on the 
landscape [11]. The formula is listed below. 
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Where D is dominance index; Hmax = ln n is the maximum value of diversity index; D value is large 
that the landscape is determined by one or a few landscape types. 
• Evenness index (E) 
Evenness index reflects the uniformity of various types of plaque distribution in the area of the 
landscape [12]. The formula is listed below. 
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Where E is landscape evenness index. When E tends to 1, the uniformity of the distribution of 
landscape patches tend to the maximum. 
• Fragmentation index (C) 
The degree of landscape fragmentation can be expressed by fragmentation index. The higher the value, 
the higher the degree of landscape fragmentation is˖ 
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Where Ci is the fragmentation of the landscape for simple i; ni is the number of the patches; Ai is the 
total area of the landscape for simple i. 
4.Results and analyses 
4.1.Analysis on the overall characteristics of landscape types 
Various landscape types were significant changed in 10 years. In 1995, the largest proportion of the 
area was cultivated land, followed by unused land, forest land, building land, garden land and grass land. 
But, in 2005, forest land made the largest proportion of the study area, followed by cultivated land, 
unused land, garden land, building land, water area and grass land (Figure 1). Among them, garden land 
and forest land in the area tended to increase, the others tended to decrease (Table 1). 
4.2.Temporal variation of landscape types 
Through the analysis of the transfer matrix of landscape types and landscape types of transition 
probability, the following conclusions can be obtained (Table 2, 3). 
• Cultivated land was mainly converted into forest land, followed by garden. 
• Increase in the amount of area mainly from cultivated land and unused land.  
• The area of the reduced water area mainly turned into forest land and unused land. 
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• The reduction of the unused land mainly turned into forest land. 
• The biggest changes happened in grass land. It mainly turned into forest land. 
 
Figure 1. Landscape pattern of Yongshou county in 1995 (A) and 2005 (B). 
4.3.Spatial variation of landscape types 
The spatial variation of different landscape types from 1995 to 2005 can be got by the analysis of the 
spatial variation of landscape types with the use of barycenter model (Table 4). 
4.3.1. Number of patches, mean patch area, patch density index 
For the landscape characteristics in different periods of Yongshou (Table 5), the number of landscape 
patches and patch structure changed in different degrees. Grass land has completely disappeared in 2005, 
but the number of patches of cultivated land, garden land, forest land, grass land, water area, unused land 
and building land were increased. 
The landscape patch density index increased from 2.1595 in 1995 to 3.1173 in 2005. The overall 
degrees of landscape fragmentation were increased, because of the interference of human activity. In 
addition to the patch density of construction land decreased, the rest 6 types have shown an increasing 
trend. 
The average patches area index of forest land and building land were increased, but the rest showed the 
opposite trend. During the study period, the average size of patches decreased from 46.3075 to 32.0793. 
Degree of landscape fragmentation has shown an increasing trend. 
4.3.2. Analysis of landscape heterogeneity index 
In 1995, various degree of landscape fragmentation from high to low were water area, garden land, 
unused land, forest land, building land and cultivated land; In 2005, the order was garden land, building 
land, water area, cultivated land, unused land and forest land (Figure 2). Human disturbance was the 
reason of the increased degree of fragmentation of these landscape types.  
Two periods of landscape heterogeneity were significantly different in 1995 and 2005 (Table 6). The 
overall performance of the landscape index was diversity index, with evenness index increased and 
dominance index decreased. 
Landscape diversity index and evenness index in 2005 were slightly larger than that in 1995, but with a 
lower dominance index. It showed that the complexity and diversity of landscape composition increased, 
and the diversity of landscape diversity on the maximum deviation increased too. Especially in 2005, 
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forest land and cultivated land accounted for a large advantage. Returning farmland to forests and other 
ecological management behavior have played a certain degree improving on forest resources recovery. 
Table 1. The areas and percentages of different landscape types in 1995 and 2005 
Landscape type 
1995 2005 Change 
Area 
(km2) 
Percentage 
(%) 
Area 
(km2) 
Percentage 
(%) 
Area 
(km2) 
Annual changing rate 
(%) 
Cultivated land 417.236 46.933% 322.837 36.315% -94.399 -2.262% 
Garden land 41.704 4.691% 83.197 9.358% 41.493 9.950% 
Forest land 150.245 16.900% 331.819 37.325% 181.575 12.085% 
Grass land 23.422 2.635% 0.000 0.000% -23.422 -10.000% 
Water area 4.740 0.533% 4.088 0.460% -0.653 -1.377% 
Unused land 196.064 22.054% 104.011 11.700% -92.053 -4.695% 
Building land 55.590 6.253% 43.049 4.842% -12.541 -2.256% 
Total 889.000 100.000% 889.000 100.000% 0.000 0.000 
Table 2. The transfer matrix of different landscape type 
1995 
2005 
Cultivated 
land 
Garden 
land 
Forest 
land 
Grass 
land 
Water 
area 
Unused land 
(km2) 
Building land 
(km2) 
Total 
(km2) 
Cultivated land 211.914 46.596 100.200 0.000 0.256 39.873 18.397 417.236 
Garden land 19.338 9.471 5.038 0.000 0.002 3.546 4.308 41.704 
Forest land 25.051 3.340 103.205 0.000 0.222 16.947 1.481 150.245 
Grass land 4.114 0.602 16.595 0.000 0.000 1.958 0.153 23.422 
Water area 0.550 0.014 0.893 0.000 2.514 0.758 0.012 4.740 
Unused land 42.948 11.667 99.088 0.000 1.080 37.558 3.722 196.064 
Building land 18.923 11.506 6.800 0.000 0.014 3.370 14.977 55.590 
Total 322.837 83.197 331.819 0.000 4.088 104.011 43.049 889.000 
Table 3. The transfer probability matrix of different landscape types 
1995 
2005 
Cultivated land Garden land Forest land Grass land Water area Unused land Building land
Cultivated land 50.790% 11.168% 24.015% 0.000% 0.061% 9.556% 4.409% 
Garden land 46.369% 22.711% 12.081% 0.000% 0.005% 8.504% 10.330% 
Forest land 16.673% 2.223% 68.691% 0.000% 0.148% 11.279% 0.985% 
Grass land 17.563% 2.569% 70.854% 0.000% 0.000% 8.359% 0.654% 
Water area 11.602% 0.298% 18.835% 0.000% 53.024% 15.993% 0.249% 
Unused land 21.905% 5.951% 50.539% 0.000% 0.551% 19.156% 1.898% 
Building land 34.040% 20.698% 12.232% 0.000% 0.026% 6.063% 26.941% 
Table 4. The barycenter transfer of different landscape types from 1995 to 2005 
Landscape type 
1995 2005 Transfer 
direction 
Transfer 
distance (km)Latitude (°) Longitude (°) Latitude (°) Longitude (°) 
Cultivated land 
Garden land 
Forest land 
Water area 
Unused land 
Building land 
108.1017E 
108.1556E 
108.0375E 
108.1522E 
108.1092E 
108.1406E 
34.7583N 
34.7372N 
34.7956N 
34.7281N 
34.7964N 
34.7500N 
108.1042E 
108.1942E 
108.0883E 
108.1511E 
108.1350E 
108.1461E 
34.7392N 
34.7747N 
34.8214N 
34.7389N 
34.7583N 
34.7536N 
South by east 
North by east 
North by east 
North by west 
South by east 
North by east 
2.075 
5.306 
2.523 
0.900 
5.144 
1.144 
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Table 5. Landscape indices of Yongshou country in1995 and 2005 
Landscape type 
Patch number Patch density Area mean 
1995 2005 1995 2005 1995 2005 
Cultivated land 403 927 0.4491 1.0387 102.4806 33.7940 
Garden land 366 779 0.4078 0.8729 11.2923 10.7737 
Forest land 386 480 0.4301 0.5378 39.5901 71.0439 
Grass land 77 0 0.0858 0 32.4313 0 
Water area 4 28 0.0045 0.0314 191.5863 20.3324 
Unused land 177 191 0.1972 0.2140 117.2283 57.7132 
Building land 525 377 0.5850 0.4224 9.5552 10.1625 
Total 1938 2782 2.1595 3.1173 46.3074 32.0973 
 
 
Figue 2. Landscape fragmentation indices of different types in 1995 and 2005 
Table 6. Landscape heterogeneity indices of Yongshou county in1995 and 2005 
Landscape heterogeneity indices 1995 2005 
Landscape type diversity index 
Landscape dominance index 
Landscape evenness index 
1.4405 
1.3669 
0.7403 
1.4831 
1.2019 
0.7719 
5.Conclusion and discussion 
In 1995 and 2005, the landscape matrixes of the study area were cultivated land, forest land and 
unused land. Garden land and building land were mosaicked in landscape as patch units. The area of 
forest land and garden land were increasing. Forest land had the largest area increasing amount and 
annual rate of change. Cultivated land, grass land, water area, unused land and building land were 
decreasing. Cultivated land had the most decreased area and grass land had the maximum annual rate of 
change. 
Compared with the year of 1995, the number of landscape patches and landscape diversity index kept 
increasing. Although the grass land recession, but did not affect the overall complexity of the landscape to 
improve. The changes of landscape diversity, dominance and evenness reflected that the environmental 
conditions have improved to some extent. 
Due to the implementation of returning farmland to forests, other ecological engineering and policy, 
some cultivated land was turned into forest land. At the same time, as the economic development in 
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recent years, some cultivated land was turned into garden land. All these mainly concentrated in the 
northern, the barycenter of cultivated land shifted to the southeast finally. 
The study area has a unique natural conditions and geographical advantages to plant high-quality apple 
varieties. In recent year, the area of garden land has been increased from 41.704 km2 in 1995 to 83.197 
km2 in 2005, which the majority of orchards. The economic benefits of the fruit industry reached 1.2 
billion, becoming one of the pillar industries of Yongshou. Northeast corner of cultivated land was turned 
into garden land, in order to obtain greater development. Finally, the barycenter of garden land moved to 
the northeast. 
Since the last century, the Three-North Shelterbelt Project, natural forest protection and returning 
farmland to forest and many other ecological projects were gradually implemented in Yongshou. By the 
end of 2005, 31.8% of the county was covered by forest. Increasing amount of forest was up to 181.575 
km2 in ten years. The new forest was concentrated in the northeast what lead to the barycenter of forest 
land moved to the northern. 
Reduced rainfall and human activities were the direct reasons of the reduction of the water area. Water 
area was mainly converted into forest land, unused land and cultivated land. 
The reduction of building land mainly converted into cultivated land and garden land. In the southwest 
of the study area, the amount of building land was decreased which making the barycenter shifted to the 
northeast. 
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